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In meiosis in male fruitflies, chromosome pairing
events do not facilitate genetic exchange, but rather
create bivalents that can be sequestered to discrete
pockets of the prophase nucleus. This assignment
of homologs to a common pocket likely facilitates
the orientation of homologous centromeres to
opposite poles.
The basic paradigm for meiosis is simple: match
homologous chromosomes; lock them together long
enough for centromeres to orient to opposite poles at
metaphase I; and then move them to opposite poles 
at anaphase I. While the mechanisms that underlie
homolog pairing remain obscure, it is clear that most
meiotic systems rely on homologous recombination to
interlock the homologs in a way that ensures they are
properly segregated [1]. Crossovers, or exchanges,
can serve this function because of the biphasic control
of sister chromatid cohesion during meiosis [2].
Although sister chromatid cohesion is maintained
near the centromeres throughout the first meiotic
division, along the euchromatic arms it is maintained
only until the metaphase I–anaphase I transition. The
exchange event — often referred to as a chiasma —
thus connects each homolog to its partner by virtue of
the sister chromatid cohesion that flanks the exchange
point. This connection then serves to orient the inter-
locked homologs (or bivalent) on the metaphase plate,
such that the centromeres of the two homologs are
connected to opposite poles (Figure 1A). The release
of euchromatic sister chromatid cohesion at the
metaphase–anaphase transition allows homologous
segregation, while the maintenance of sister chromatid
cohesion near the centromere ensures that both chro-
matids move to a single pole at anaphase I. The critical
role of exchange in such systems is demonstrated 
by the dramatic effects of recombination-defective
mutants on segregational fidelity.
There are, however, numerous meiotic systems that
completely lack exchange, most notably those of
Drosophila melanogaster males and Bombyx mori
females. Much of the interest in these systems has
revolved around the question: what functions substi-
tute for chiasmata to lock the homologs together and
thus ensure disjunction in a recombination-less
meiosis? In the silk moth Bombyx mori, there is a fairly
obvious clue to solving this puzzle. In most organisms
the synaptonemal complex, which connects paired
chromosomes along their entire length, dissolves near
the end of meiotic prophase (pachytene). But in silk
moth oocytes, the synaptonemal complex is main-
tained in an apparently expanded form until homolog
separation at anaphase I [3]. It seems reasonable to
suggest that the perdurance of the synaptonemal
complex in this system holds homologs together. 
Male Drosophila, however, do not build any
synaptonemal complex. So how, then, are homologs
connected and bivalents maintained in this system? As
published recently in Current Biology, Vazquez,
Belmont and Sedat [4] have used high-resolution cytol-
ogy in living spermatocytes to provide a new ‘look’ at
the achiasmate meiosis of Drosophila males. Their
data strongly suggest that, in Drosophila male meiosis,
pairing events serve only to create bivalents that can
be sequestered to discrete pockets of the prophase
nucleus. This assignment of homologs to restricted ter-
ritories appears to be sufficient to ‘lock’ the homologs
together and ensure their segregation at meiosis I.
The first significant insights into the mechanisms of
male meiosis in Drosophila came from the pioneering
work of Kenneth Cooper [5] on the pairing of the sex
chromosomes. Cooper demonstrated cytologically that
the X and Y chromosomes in male fruitflies are con-
nected to each other throughout meiotic prophase by
a single site on both chromosomes, which he referred
to as the collochore (or sticky spot). The X collochore
mapped in the middle of the heterochromatin located
at the base of the X chromosome, while the Y collo-
chore mapped to the middle of the short arm of the
entirely heterochromatic Y. Pioneering studies by
McKee and Karpen [6] showed that the collochores are
in fact the ribosomal (r)RNA genes that comprise the
bobbed loci in Drosophila. In a series of elegant exper-
iments, McKee and collaborators [7] mapped the
pairing-critical components to a small region of the
18S-28S rRNA genes. One might then have expected
the discovery of similar heterochromatic pairing sites
on the autosomes. Not so: McKee and colleagues [8,9]
went on to show that, at least for the larger second and
third chromosomes, autosomal pairings reflect the
independent interactions of a large number of euchro-
matic sites. Neither the rDNA interactions of the sex
chromosomes nor the euchromatic autosomal euchro-
matic associations are associated with exchange.
Vazquez et al. [4] have exploited the LacI–GFP
system to allow them to follow the movement of chro-
mosomal transgenes carrying multiple copies of the
LacI target sequence LacO. Coupled with deconvolu-
tion microscopy, this use of the fluorescent LacI–GFP
fusion protein allows the movement of specific chro-
mosomal sites to be followed in living cells [10,11]. By
comparing transgene homozygotes and hemizygotes,
one can visualize the movement of both allelic sites at
multiple positions along the chromosomes and of
sister chromatids at those sites (Figure 1B). 
Vazquez et al. [4] found that euchromatic regions are
paired as early as G1 phase, suggesting that homolo-
gous pairing occurs quite early in male meiosis,
perhaps as a consequence of prior (pre-meiotic)
somatic pairings. These pairings persist through S
phase and well into G2. During midprophase, however,
the four sets of paired chromosomes are segregated
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into four discrete domains within the nucleus, each
associated with the nuclear envelope. Following this
partitioning, Vazquez et al. [4] observed extensive sep-
aration of the two allelic sites on homologous chromo-
somes and of sister chromatids. This separation is
maintained until the initiation of nuclear envelop break-
down at the beginning of prometaphase (see below).
The centromeric regions, visualized using a CID–GFP
fusion protein, displayed a rather different pattern of
associations. Throughout most of G1 through G2 phase,
the centromeres of the eight chromosomes appeared to
be clustered in one or more groups (chromocenters);
this clustering continued until just before the physical
sequestration of chromosome pairs in mid-G2. (It is,
however, likely that homologous centromeres are paired
within these clusters of heterochromatin, as in female
meiosis [12]). Concurrent with sequestration, and at a
time when the euchromatic associations of both
homologs and sister chromatids appear to dissolve,
homologous centromeres are no longer grouped as
clusters, but rather are associated as exclusive pairs.
Vazquez et al. [4] suggest that it is the process of
sequestration of chromosomes into specific territories
that facilitates the separation of the chromocenters
into pairs of homologous centromeres. By late G2
phase, even the homologous centromeres have sepa-
rated. This separation is critically different from the
prior euchromatic dissolution, in that the centromeric
regions of sister chromatids do not separate but
rather remain tightly associated throughout the first
meiotic division.
After the nuclear envelope begins to break down,
the chromosomes move away from the edges of the
nucleus and towards its center. As the chromosomes
condense, both homologous sites and sister chro-
matids move into close proximity. By metaphase, the
chromosomes which had undergone substantial sep-
aration of homologous sites and even of euchromatic
sister chromatids are visible as a paired bivalent [5].
Nonetheless, both loci on sister chromatids and
allelic sites were often seen to be associated but out
of register, suggesting far less intimate associations
than were seen from G1 to early G2. Moreover, even
at maximum condensation, sites on sisters could still
be resolved.
It remains unclear how the bivalents are connected
at this point. Vazquez et al. [4] have proposed that 
the bivalents might be held together by heterochro-
matic sites. Given that the ability of heterochromatic
pairings to ensure achiasmate segregation is well doc-
umented in Drosophila females [12,13], this possibility
seems reasonable. Alternatively, alignments might by
facilitated by sequence non-specific euchromatic
entanglements that are resolved by topoisomerase.
In a very real sense, these data suggest that male
meiosis in Drosophila does indeed follow the accepted
‘match them, lock them, move them’ paradigm; in this
case, however, the locking step is accomplished by
physical sequestration rather than by exchange. The
careful characterization of these events will also
provide new opportunities, and a new standard for the
analysis of meiosis in Drosophila males. There are a
number of recently isolated meiotic mutants that
exhibit dramatic effects on homolog association in
male meiosis (compare [14]). The characterization of
these mutants by the methods described by Vazquez
et al. [4] is likely to provide important new insights into
the mechanisms by which pairings are established
and maintained.
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Figure 1. Meiosis in male Drosophila.
A comparison of a chiasmate meiosis (A)
and the achiasmate meiosis of Drosophila
males (B). Note that in Drosophila male
meiosis, both homologs and euchromatic
regions of sister chromatids separate
during late prophase I. This is not
observed in the canonical chiasmate
meiosis. 
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